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Rear-time Velocimetry for Evaluation of Change in Thickness of Arterial
WaII
Hiroshi Kanail and Ybshiro Koiwa2
abst ract
We previously developed a new method, namely, the phased trackizlg method,for accurately
tracking the movement of the heart wall and arterial wall based on both the phase and magnト
tude of the demodulated signals to determine the instantaneous position of an object･ By this
method, the localchange in wall thickness during one heartbeat is determined. We have now
developed a real-time system for measurlng Change in thickness of the myocardillmand arterial
Wall. In this system, four high-Speed digitalsignalprocessing (DSP) chips are employed for
realizing the initially developed method in real time･ The tracki.ng results for both sides of the
wall are superimposed on the M (motion)-mode image in the workstation, and the thickness
changes of the arterialWall are displayed in realtime. By this system, as herein reported,
Velocity signals of the arterial wall with amplitudes less than several micrometers can be suc-
cessfully detected in realtime with su氏cient reproducibility. The elasticity of the arterial wall
is evaluated by referring to the blood pressure. In血vivo experiments, the rapid response of the
change in wall thickness of the carotid artery to the dose of nitroglycerine (NTG) is evaluated
for a young healthy subjectand a young smoker. This new real-time system offers potential
for quantitative diagnosis of early-stage atherosclerosis by the transient evaluation of the rapid
response of the cardiovasclllar system to physiological stress.
keyword
Phased tracking method, Local change in thickness, Atherosclerosis, Elasticity, Real-time sys-
tem, Stress test, Transient response, Nitroglycerine.
1 Department of Electronic Engineering, Graduate School of Engincxtring, Tohoku University, Sendai980-
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At the beginnlng Of the ejection period, the arterialwall is affected by the pressure wave which
comes from the left ventricle (IJV)and expands the lumen. Consequently, the arterialWall
becomes slightly thin during the ejection period. In the literature, measurement of the change
in diameter, △dBA, (i), Of the lumenJin Fig. 1,has been reported. From △dBA,(i), the elasticity
of the arterialWall can be diagnosed, but it is assumed that the arterial wall is homogeneously
changed in the circumferential direction due to atherosclerosis.
On the other hand, measurement of the change in thJ'Ckness of the wall makes it possible to
evaluate the elasticity of the arterial wall in each localarea, the locality in the circumferential
direction being indispensable to diagnosis or the inner characteristics of atherosclerotic plaque.
For tg.is purpose, by trackL'ng the instantaneous positions, xA(i)and xB(i), Which are respec-
tively preset at xA(to)and xB(io) at the end-diastolealOng the ultrasonic beam in the arterial
wall as illustratedinFig･ 1(b), the small change in wall thickness, △hAB(i), between these
two points, A and B, is obtained ll] as illustrated in Fig. 1(C) if the ultrasonic beam is almost
perpendicular to the wall･ From the ratio of the change in thickness, △hAB(i), tO the thickness
hAB(to) between these points preset at the end-diastole, the deformation is obtained. If the
deformation is su氏ciently small and is in the linear reglme, it shows the strain, and thus the
regional elasticity of the wall canbe approximately evaluated using the pulse pressure measured
at the brachial artery. Therefわre, the transcutaneous measurement of the change in thickness
of the reglOnal area of the arterial wall during each cardiac cycle provides the essential tools
for diagnosis of atherosclerosis.
The accuracy required for the simultaneous measurement of the instantaneous positions xA(i)
and xB(i) of points A and B is estimated as follows: For the carotid artery, the thickness of the
wall is about 1 mm and the change in thickness, △hAB(i), is less than 100 ibm during one cardiac
cycle in normaladults ll]. Therefore, the necessary spatial resolution in the measurement of
instantaneous position as a waveform is at least 10 FAm･ If the velocity signals vA(i)and
vB(i) of these two points, Aand B, are detected based on the pulse Doppler method, the
necessary accuracy of the velocity measurement is about 10 flm/200 〝S -0.05 m/s when the
pulse repetition frequency (PRF) of the transmission-pulse train is 5 kHz (-l/200 ps). If the
equivalent sampling period of the velocity signalvi(i) is longer than 200 ps as in the FFT
(fast Fourier transform)-based standard Doppler system, for example, more accurate velocity
measurement is reqllired.
ThoughM-mode echocardiography offersanadvantage in critically examlnlng the motion
pattern of the wall, its spatialresolution along the ultrasonic beam iS limited to a few wave-
lengths, namely, at most about severalhundred micrometers for ultrasound of 7 MHz becallSe
anM-mode image is displayed based on the amplitude of the reflected ultrasound. On the other
hand, there have been numerous elaborate techniques proposed for noninvasive measurement
of the velocity of the blood且Ow in the arteries based on the Doppler effect. Moreover, several
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methods, including the phase-locked-loop (PLL) teclmiques, have been proposed to measure
rough danges in the diameter of the arterial walls by tracking arterial wall displacement in
realtime.-
Fbr the accllrate detection of the velocity signal, tllat is, the instantaneollS movement, On Or
in the heart wall or arterialWal1, We have developed the followlng "Chased tTaCkl'zlg method"
[21. In this method, by calculating the auto-Correlation function with the constraint least-
mean-square technique between the sequentially received echoes, the phase cllange Caused by
movement of the preset point (i) during the pulse repetition period AT(-1/PRF) is accurately
determinedand the average velocity vi(i) during the period is obtained･ By adding the product
ofvi(i) and △T to the previous object position xi(i), the next position, xi(i+△T), is estimated
争S Xi(i) + vi(i) × △T･ This method has been confirmed by experiments using a water tank and
has been applied to the jzI Vivo detection of small velocity signals, with sumcient reproducibility,
at points in the inteⅣentricular septum (IVS) of the human heart 【2】･ The detected velocity
slgnalshows rapid motion, including high frequency components with small amplitudes, which
cannot be recognized by M-mode echocardiography.
Moreover, the method has been applied to multiple points preset along an ultrasonic beam in
the LV wall so that the instantaneous object positions fxi(i)i and the velocity signals tvi(i)I
are obtained for these multiple points (il in the LV wall l3]. The wall changes position and
thickness with time. By making the location of the RV side of the IVS the reference point,
the thickness chazlge duTizlg myOCardjaJ contTaCtL'on/TelaxatL'on canbe detected. Then, their
spatial distribution is obtained and is superimposed on the M-mode image uslng color coding･
The method of measurement herein described was developed by batch processing Onan0ffl
line system in our laboratory. However, the quantity of A/D tonverted data is considerable
and it is time-consuming to transfer the data from the A/D converter to a computer in the
off-line system. Thus, real-time procesSlng lS indispensable to realize new clinicalexamination
tools for evaluation of transient change of the tolerance test.
The development and application of Teal-time pTOCeSSlng Significantly facilitate its llSe in
clinicaldiagnosisand will offer a new tool for clinicalexamination: For example, nitroglycerine
(NTG) is used medically as a vasodilatorfor rapid treatment ofangina pectoris l4]. Real-time
measurement of the transient change in thickness of the heart wall or the arterial wall just a氏er
the sublingual administration of NTG will be of use in direct evaluation of the response of the
heart wall or the arterial wall to the antiamglnal drug. At the same time, real一七ime monitoring
during clinicalintervention is essential for avoiding hyper-responses such as serious hypotension
and/or arrhythmia.
In the process of tracking the instantaneollS position, the object position is moved along the
ultrasonic beam based on the previous results from the complex auto-Correlator. For RexibLe
pTOCeSSlng, We have developed a real一七ime system based on high-speed floating-point digital
signal processing (DSP) chips and a workstation (WS) [11･
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In the hardware system employed) the received echo is quadrature demodulated, and then
the resultant in-phase and quadrature signals are simultaneously A/D converted at a sampling
frequency of 1 MHz with a 12-bit accuracy･ For these large-scale data, it is not possible to
transfer them from the A/D converter to the DSP boards using the VME-bus (versa module
European bus, the IEEEIO24 standard) because its transfer speed is not so high. Much time-
Consuming processing is necessaryJf,om the A/D conve,sion to a real-time display of the M-
mode image, the resultant wave forms, and the tracking results on the CRY (cathode-ray tube)
of the WS･ Thus, we employfour DSP chips･ The A/D converter boards are directly connected
to the DSP board･ All of the processing in the four DSPs should be synchronized with the
transmission timing of the ultrasonic pulse･ By making free use offour DSP chips, pJ'peh'zling
Iand the paTaLLeL pTOCeSSlng are employed to increase the throughput. In this plpelining, each
of thLe- resultant tasks is completed withinthe pulse repetition period, AT, which realizes the
real-time processing, thoughthese tasks cannot be realized in real time with a single DSP chip.
In this study) the real-time system was applied to in vivo experiments on the measurement
of thickeningand thinnlng in the human carotid arterialWal1･ Finally) the system wa"pplied
to the transient evaluation of the rapid response of the change in wall仙ickness of the artery
to the dose of NTG.
2 In vivo Results for the Carotid Artery
The developed real-time system in 【1] iS applied to the human common carotid artery (CCA)
of a presumedly healthy 39-year-old male volunteer･ The ultrasonicfrequency is 7 MHz. Points
(A) and (B) are set on the intima and adventitia of the ant'&ior wall of the same carotid
artery, respectively･ The ultrasonic beam passlng throughthese two points is perpendicular to
the wall during the measurements･ Figures 2(b) and (C) show the velocity signals,V^A(i)and
_～.
v^B(i), reSpeCtively･ The change in thickness, △hAB(i), Of the anterior wall is estimated as
Shown in Fig･ 2(e)･ A minute change in thickness of about 80 pm is measured with su氏cient
reproducibility･ In the wavefbrms of Figs･ 2(b)(C)(e), the dicrotic notch is obviously obseⅣed
at the radiation timing of the second heart sound (ⅠⅠ).
3　Transient EⅥ山ation of Arterial Response to Nitro-
glycerine
As described above in Section 1, the real一七ime system to measure the dange in thickness of the
arterialWall will offer new tools for clinicalexaminations･ In this study) the developed system
is applied to evaluation of transient response of the dange in thickness or the carotid artery
for about the first 160 seconds after the sublingual administration of spray-type NTG.
Thefirst subject is a 25-year-old healthy male volunteer･ The change in thickness, AhAB(i),
of the posterior wall of the CCA and the ECG are continuously measured by the developed
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real-time SyStem･ The blood pressure, p(i), isalSo continuously and noninvasively measured at
the radialartery using a blood pressure manometer (Japan Colin, Jentow-7700).
Figure 3shows the transient response to the sublingual administration of NTG. For each
heartbeat, the wave form of the change in thickness, △hAB(i), is measllred as shown in Fig.
3(e) and the maximum of l△hAB(i)l dming each heartbeat is detectedand is shownin Fig.
3(f)･ Ftom about 40 seconds after the administration of NTG, the pulse rate shownin Fig.
3(b), which is determined from the RIR interval of the ECG in Fig. 3(a), gradually increases,
and the pulse pressure shown in Fig. 3(d) gradually decreases, where the pulse pressure is the
difference between the maximal blood pressure and the diastolic pressure. At the same time,
the maximum cllamge in wall thickness increases. Thus, the arterial wall becomes compliant
about 40 Seconds after the dose or NTG. By assuming that the change in arterial compliance
is one of the factors which inAuence the prolongation of the arrivaltime of the peak pressure
at the radialartery, this observation is supported by the gradual increase of the delay - Shown
in Fig. 3(d) - between仙e peak blood pressure and tile peak of the Rrwave.
On the other hand, the maximum change im wall thickness varies widely, especially血･om
abollt 40 seconds after the NTG-administration (see the Auctuations in the trend of the change
in thickness ofFig･ 3(f))･ As shown in Figs･ 4(b)or 4(C), however, there is a correlation between
the maximum change in wall thickness of Fig･ 3(f) and the pulse pressure of Fig. 3(C) or the
pulse rate of Fig･ 3(b)･ Thus, the scattering in the maximum change in wall thickness shown
in Fig･ 3(f) originates in the scattering in the pulse pressure shown in Fig. 3(d) or the pulse
rate of Fig. 3(b).
Next, the same measurement is applied to the posterior wall or the CCA of a 27-year-old
male smoker consumlng about 20 cigarettes per day for seventyearsand the results are shown
in Fig･ 5･The wall thickness is about l･3 mm, which isalmost same as the first subject in Fig.
3.
Even thoughthere are fluctuations in Fig･ 5, by companng Fig. 5 with Fig. 3, the followlng
observations were found:
1･ The change in thickness during one heartbeat in Figs･ (e)and (f) is relatively small for
the smoker.
2･ The changes in the pulse rate ofFig･ (b), the pulse pressure of the bold line in Fig. (d),
and the maximum change in thickness of Fig･ (f) due to the response to the dose of NTG
are also relatively small f♭r the smoker.
3･ These changes start about 60 Seconds after the dose of NTG for the smoker in Fig. 5
whilefor the healthy subject in Fig. 3 the changes starts after about 40 seconds. Similar
results are obtained for other several healthy subjects.
Thus, the response to the dose of NTG is delayed and smaller f♭r the smoker, Compared to
the young llealtlly VOlunteers.
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4　Conclusions
ln this pap甲We have demonstrated a novel real-time system for simultaneous measurement
of velocity signals at two points preset on anultrasonic beam by tracking the large movement
of the object during the cardiac cycle. From the resultant velocity signals, the localchange in
thickness of the arterial wall was evalpated in realtime. In the preliminary clinicalstudy, the
response of the arterialwall to NTG is directly evaluated by the change in wall thickness for
the first time. In such measurement, the real-time measurement system is indispensable･
Further investigations are necessary to fully support the evaluation method of the response of
the arterialWall to administration of NTG since the administration carries various side effects
such as the reduction of the preloadfor the heart. Detail hemodynamic studies of the cardiac
output flow, the ventricular stroke volume and associated pressure) as well as pressure build-up
during the ventricular systole arealSo necessary for a more accurate evaluation of discriminatory
eGects of NTG on the arterialWal1. Application of the measurement and evaluation to the
response to NTGfor the patients with arterialdiseases needs also be investigated･
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Figure 1: An illustration explaining the procedure or measurlng the change in thickness,
△hAB(i), Of the arterialWal1,and the change in diameter, △dBA,(i), Of the lumen by tracking
the movement xA(i)and xB(i) of points Åand B preset in the arterialwallalong the ultrasonic
beam【11.
(a) cross-sectional image,
(b) displacement xA(i) and xB(i),

























二二二二二叩､二二二二才｢ー~ー-"… ～ .～.､-一.I- 
lJll 'l lll 
02500500075001000012500 
Pat i ent:　　　　　date: 08jq5P8
frequency: 7000000 Hz puJse cycle: 18l us
max speed: 4 rrm/s injt depth: 5, 7 mln




Figure 2: In vivo experimental results of the vibration at points (A) on the adventitia side and
(β) on the intima side of the anterior wall of the carotid artery [11.
(a)‥ The tracking results x^A(i)and x^B(i) of points Aand B, which are superimposed ｡n the
M-mode image･
(b) and (C): The estimates of the vibration velocity signals v^A(i) and v^B(i) of points A and B.
(d): The ECG and the PCG.
-----~~~-I
(e): The change in thickness, AhAB(i), Of the anterior wall of the artery.
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time from administration of NTG lsecond]
Figure 3: The transient response of a 251yearl01d healthy male subject to the administration
of nitroglycerine (NTG).
(a) ECG f♭r each heartbeat.
(b) The pulse rate detected from the interval of the a-waves in the ECG.
(C) The blood pressure continuously measured at the radialartery by the manometer.
(d) The pulse pressure (bold line)and the delay time of peak pressure from the a-wave (thin
line).
(e) The chan.ge in thickness of the carotid arterialwall･
(f) The maxlmum Value of the change in thickness, △hAB(i), Of the CCA detected for each
heartbeat.
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Figure 4: Relationships among the maximum change in wall thickness in Fig･ 3(∫), the pulse

























time from administration of NTG lsecond]
Figure 5: The transient response of a 27lyear-Old male smoker to the administration of nitro-
glycerine (NTG). For detail see Fig. 3.
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Real-time Evaluation of Transient Response of Arterial
Wall Elasticity to Administration of Nitroglycerine
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t Dept･ of ElectriCalEngineering'Graduate School of Engineering, Tohoku University, Sendai980-8579, Japan
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AbstryICトWe previously developed a new methodl the the locality in the circumferentialdirection being ln-
phがed tra血g methodl for accurately tracking the dispensable to diagnosis of the inner characteristics of
movement of the heart wal1and arterialWal1 based atheroSClerotic plaque.
on both the phase and magnitude of the demodulated
Signals to determine the instantaneous position of an
object l1], [2]･ With this method, the localchange
in wall thickness during one heartbeat canbe deter-
mined･ We have now developed a real-time system
for continuously meaBurlng the changeinthickness of
the myocardiumand arterialWal1 [3】. In this system,
four high-speed digitalsignalprocesslng Chips are em-
ployed for realidng the initially developed methodin
realtime･ The tracking results for both sides of the
wal1are superimposed on the M (motion)-mode image.
The changeinthickness of thearterialWall as small as
severalmicrometers canbe successfully detected in real
time with good reproducibility･ The elasticity of the
aqterialWall is derived from the blood pressure. In血
vl'vo experimentsI the rapid response of the change in
wall thickness of the caqotidartery to the administra-
tion of nitroglycerine (NTG) is ev血ated f♭r a young
healthy subjectand a young smoker.When the change
in thickness is plotted against the simultaneously mea-
sured pressureI Such curvesalso change due tothe ad-
ministration of NTG･ This is shownevery 35 Seconds
after the administration･ This new real-time system of-
fers potential for quantitative diagnosis of early-stage
atherosclerosis by evaluation of the rapid response of
the cardiovascularsystem to NTG.
Ⅰ. INTRODUCTION
At the beginning Of the ejection period,thearterial
Wall is aaected by the pressure wave which comes from
the left ventricle (LV)and expands the lumen. Conse-
quently, the arterialWal1 becomes Slightly thinner dur-
ing the ejection period. h the literature, measurement
of the dangeindiameter, △dBA,(i), Ofthe lumenin
Fig･ 1, has been reported l4]. By assuming that the
arterialWall is homogeneously changed in the circum-
ferentialdirection due to atherosclerosis, the elasticity
of the arterialWall canbe estimatcdfrom △dBA･ (i).
On the other hand, measurement Of the changein
thickness of the wan makes it possible to directly eval-





Fig･ 1･ Illu8tration explaining the procedure for measurlng the
chanseinthickn-, △hAB(i), Of the arterid wall,and the
change in diameter, △dBA, (i), Of the lumen by tracking the
po8ition xA(i) and CB(i) of points A and B, r甲peCtively in
the aqterial wal1along the ultrasonic beam l3】. (a.) Longitu-
dinal image･ (b) displacement C^(i) and ∬B(i), (C) chan写c
in thickness, △hAB(i), Of the arterial wall and change ln
diameter, △dBA, (i).
For this measurement,firstly, the positions of the
two points Åand B are respectively preset at C^(to)
and XB(to) at a time of 7To of the end-diastolealong
the ultrasonic beamin thearterialWall as illustrated
inFig･ 1(b)i Then, by trackhg the instantaneous
positions, CA(i)and CB(i), Ofthese points, the small
change in wall thickness, AhAB(i), between these two
points is obtained [3】 aB illustrated in Fig･ 1(C) if the
ultrasonic beam isalmost perpendicularto the wall.
From the ratio of the changeinthickncss, △hAB(i), tO
the thickness hAB(to) - 3;A(to) -a:B(to) between these
points preset at the end-diastole, the deformation due
to compression is obtAmed. If the deformation is suf-
Rciently smal1and isinthe linearrangc, the stmin
canbe derived from this,and thus the regionalelas-
ticity of the arterialWall canbe approximately evalu-
ated using the pulse pressure measured atthc brachial
artery･ Therefore, the transcutaneous measurement of
the changeinthickness of the regionalarea of the arte-
rial wall during each cardiac cycle provides the essen-
tialtools for diagnosis of atherosclerosis･
For the carotidartery, the thickness of the wall is
about 1 mmand the change in thickness, △hAB(i), is
less than100 pm during one cardiac cycle in normal
adults 【3】. Therefore, the necessary spatialresolution
si2;e for continuous measurement of instantaneous po-
sition must be lowerthan a tenth of this, i.e. 10 pm.
ThoughM-mode echocardiography oGersanadvan-
tage to critically examine the motion patternof the
wall, its spatialresolutionalong the ultrasonic beam
is limited to a few wavelengths, - e.g. severalhun-
dred micrometers for ultrasound at 7 MH2; - because
anM-mode image represents the envelope of the re-
ceived signal.
On the other hand, there have been numerous elabo-
rate tedlniques proposed for noninvasive measurement
of the velocity of the blood且owinthearteries, more or
less based on the Doppler e触t. The question is, how-
ever, if a standard Doppler systemwith a typicalpulSe
repetition time of, Say, 200 ps, can providethe sufR-
cient spatialresolution? If the velocity signals vA(i)
and vB(i) of the two points, Åand B, Were to be dc,
tected with a pulse repetition time of 200 IIS, then the
necessary accuracy of the velocity measurement should
be better than 10 Jlm/200 II8 - 0.05 m/S･ This might
not be possible to accurately obtain in the standard
ultrasonic equipment.
Moreover, several methods, including the phase-locked-
loop techniques, have been proposed to measure rough
changes in the diameter of arterial walls by tracking
arterialWall displacement in realtime. With each of
these devices using the PLL technique, however, such
small change in thickness cannot be accurately mea-
sured 【11･
Fbr the accurate detection of the velocity signal, that
is, the instantaneous movement, on or in the heart
wall orarterialWal1, we have developed the "phased
tTaCkLng method" [1]･ In this method, by calculat-
lng the auto-correlationfunctionwith the constraint
least-mean-Square technique between the sequentially
received echoes, the phase change caused by movement
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of the preset point (i) during this pulse repetition pe-
riod △T(=1/PRF) is accurately determined and the
average velocity vi(i) during the period is obtained･
By dding th  product of vi(i) and AT to the previ-
ワus object position Xi (i), the next position, Xi (i+△T),
lS stimated as ∬ (i) + vi(i) × △T･ This method has
been con丘rmed by experiments using a movmg mb-
ber in a water tank and has been applied to the九
Vivo detection of sm l velocity signals,with good re-
producibi止ty, at pointsinthe interventricularseptum
(ⅣS) of the human heart 【1】･ The detected velocity
signalshows rapid motion,including high frequency
omponents with small amplitudes, which cannot be
re ogni2;ed by M-mode echocardiography･
Morcover, method has been apphed to multi-
ple points preset along an ultra80mic beam in the α
wall so that theinstant neouS object positions tCi (i))
and the velocity signals tvi(i)i could be obtained for
these multiple points tiH2】･ The wall changes pOSi-
tionand thickn sswith time. By making the interface
between bloodand the RV side of the TVS the ref-
erence point, the thjckneSS Cbazlge du血g myocardi.at
coLltraCtJ'on/Te)axatJ'on canbe detccted･ Then, their
spatialdistribution is obtained and is superimposed
o  the M-mode image lng COlor coding.
We haN  developed a al-time system based on high-
Speed aoating-point digitalsignalprocesSlng Chipsand
a workstation 【3]･ The development of Teat-time pro
ces血g signi丘Cantly facilitate the useinclinicaldiag-
nosisand oaer  a new tool for clinicalexamination:
For xample, nkroglycerine (NTG) is used medically
a  a vasodilator for rapid treatment ofanglna peCtOriS
l5】. RBal-time continuous measurement Of the tran-
sient hange i  thickness of the heart wall orthe ar-
terialWall just after the sublingualadministration of
NTG can be of use in direct evaluation of the response
f he heart wall or thearterialWall to theantianginal
drug. h addition, real-time monitoring during clinical
interve t on is essential for awoiding hyper-responses
such as serious hypotension and/or arrhythmia･
In this study, the real-time system was applied to the
tran ien  evaluation f the rapid response of the change
inWall thickness of the artery due to the administration
of NTG.
II. TRANSIENT EvALUATION OF ARTERIAL
RESPONSE TO NTG FOFL HEALTHY SUBJECT,′
h this study, the developed system 【3】 is applied to
measurement of the transient response of the change
inthickneSS Of the common carotidartery (CCA) for
the first 160 seconds fter sublingllaladministration of
spray- ype NTG.
The丘rst subj ct is  25-year-old healthy male vol-
unteer. The ultrasonicfrequency is 7 MHz. Points (A)
and (B)are set on theintimaand adventitia, respec-
tively, of the posterior wall. The ultrasonic beampaS5-
1ngthroughthese two points is perpendicularto the
wall during the measurements･ The dlangeinthick-
neSS, △hAB (i), Of the posterior wall is esti品ated byin-
一ー■...
tegration of the difference between the velocity signals
measured at the two points Åand B. A minute change
in thickness of scveraltenth of micrometers is mea-
sured with good reproducibility･ The blood pressureI
p(i), isal80 COntinuouslyand noninvasively measured
at the radialartery using a blood pressure manometer
(JapanColin, Jentow-7700)･
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the frorTl admhlsbTBltlon of NT(i 【socond】
Fig･ 2･ The transient response Of a 25-year-old healthy male
subject to the administration of nitroglycerine (NTG)･
(a) ECG for Selected heartbeatS･ (b) The pulse rate detected
from the interval of the A-waves in the ECG. (C) The blood
pr㈱ure continuously measured at the radialartery by the
mamomeもer. (d) The pu18e pressure (bold line) and the time
dela;y from the R-wa･ve to the occurrence of the peak of the
pul8e pr鰯ure (thinline). (e) The dhange in thickne封Of
the carotid arterialWal1. (f) The maximum yalue of the
change in thickne88, △hAB(i), Of the CCA detected for each
heartbeat.
Figure 2 shows the transient response to the subl
lingualadmimistration of NTG･ For each heartbeat,
the waveformof the change in thickness, △hAB(i), iS
measured aS Shown in Fig. 2(e) and the maximum
of JAhAB(i)l during each heartbeat is detectedand
is showninFig. 2(f). From about 40 Seconds after
the administration of NTG, the pulse rate shown in
Fig. 2(b), which is determined from the a-Rinterval
of the ECGinFig. 2(a), graduallyincreaBeS,and the
pulse pressure shownin Fig. 2(d) gradually decreases,
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where the pulse pre sure is the diaerence between the
maximalblo d pressureand the diastolic pressure･ At
the sam  t me, the maximum dlangeinWall thickness
gradually decreases･ For the changeinthickness in
Figs. 2(e)and 2(f),the waveform for each heartbeat is
obtained by averaging Over 20 adjacent heartbeats･ By
ssuming that the change inarterialcompliance is one
of the factors wh ch in且uence the prolongation of the
打riValtime f the peak pressure at the radialartery,
thcarterialWall becomes compliant about 40 seconds
after th  administration of NTG becausethere is grad-
ualincreaSe Of the delay - shownin Fig. 2(d) - between
the peak blood pressure and the peak of the 氏-wave･
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Fig･ 3･ The transient re8pOnBe Of a 27-year-old male BmOker to
the administration of NTG. For detail 8Ce Fig･ 2･
III. TRANSIENT EvALUATION OF ARTERIAI.
RESPONSE TO NTG FOR SMOKER
Next,the same m asurement is applied to the pos-
terior wall of the CCA of a 27-year101d male smoker
consumlng about 20 cigarettes per day for seven years
and the resultsare showninFig. 3. The wall thick-
ness is about 1.3 mm, which isalmost same as thefirSt
subject in Fig. 2･
By comparing F g･ 3with Fig･ 21 the following
observations w re found:
1. The changeinthick ess during one heartbeat in
Figs. (e)and (f) is r latively small for the smoker･
2. The gradualc angeSinthe pulse rateinFig･ (b),
the pulse pressu einFig. (d),and the maximum
changeinthickncss in Fig. (f) due to the response
to the administration of NTG are relatively small
for the Smoker. Thus, the response to the admin-
istration of NTG is smaller forthe smoker, com-
pared to the young healthy volunteers.
3. These changes start about 40-60 Seconds a氏er the
administration of NTG for these sIJbjects. Simi-







change in thickness of wall (micrometer)
Fig. 4. Pr㈱ure-"change in thickn鰯"curYC$ Of the Same 261
year101d healthy male subject as in Fig. 2.
IV. PRESSURE- UCHANGE IN THICKNESSnCURVES
Figure 4 Shows the relationship between the instan-
taneous pressure p(i) atthe radialartery (Fig. 2(C))
and the dlange in thickness, △hAB(i), Of the wall of
the CCA during each of the heartbeats in Fig･ 2(e) for
the llealthy subject in Fig. 2. The丘ve cuⅣes corre-
spond to the moments just befわre the administration
of the NTG, 35 8cconds after the administration, 70
seconds a氏er the administration, 105 5eCOndS a洗er the
administration, and 120 S∝onds a氏er the administra-
tion.
For the curve 35 8cconds after the administration,
the maximum pressure decreaSeSand the changein
thicknessincreases. Since the gradient of the curve
decreases, the wall becomes compliant.
For the curve 70 Seconds after the administration,
the maximum pressure still decreases and the change
inthickness increase. Ftom the gradient,the wall still
becomes. compliant･
For the curves 105 secondsand 120 seconds after the
administration, the maximum pressure still decreases.
However, the maximum change on thickness decreases
and the cuⅣes approach the level of the control cuⅣe.
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That is, the elasticity of the wall returns to the original
Value.
Forth  smoker in Fig. 3, the curves have different
shapesand gradientswith those of the healthy Subject
inFig. 4. The gradient is steep and the response of
th  administration of the NTG is small.
V. CoNCLUSIONS
h this paper we have demonstrated a novel real-
time system for simultaneous measurement of velocity
signals at two points preset onanultrasonic beam by
tracking the large movement of the object duringthe
cardiac cycle. Ftom the resultant velocity Signal8, the
localchangeinthickness of the arterialWall was evalu-
ated in realtime. In the preliminary clinicalstudy, the
response of the arterialWall to NTG is directly evalu-
ated by the changeinWall thickncssfor the first time.
Such continuous meaBurementS are Only possiblewith
a real-time system.
Fhrtherinvestigations are necessary tofully support
the evaluation method of the response Of thearterial
Wall to administration of NTG Since the administration
carries Ⅵ肝ious side effects such aB the reduction of the
preloadfor the heart. Detail hemodynamic studies of
the cardiac output flow, the vcntricularstroke volume
and associated pressure,舶Well as pressure build-up
during the ventricular systole arealso necessary to in-
Ⅶstigate f♭r a more accurate eⅦ1uation of discrimina-
tory effects of NTG on thearterialWal1. Application
of the technique to evaluate the response tO NTG for
patients witharterialdiseases shouldalso be investi-
gated･　'
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